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.H\ZRUGV((*VLJQDOVPXOWLFKDQQHOUHFRUGLQJFURVVIUHTXHQF\FRXSOLQJSKDVHDPSOLWXGHFRXSOLQJ
,QWURGXFWLRQ
$Q LQFUHDVLQJQXPEHURI VWXGLHV VKRZ WKDW&)&REHWZHHQQHXUDO RVFLOODWLRQV QHXUDO FLUFXLWSURSHUWLHV FRXOG
SOD\ DQ LPSRUWDQW UROH LQ QHXURQDO FRPSXWDWLRQ ,W LV DOVR REYLRXV WKDW &)&R FDQ FRQWULEXWH WR WKH QHXUDO
FRPPXQLFDWLRQ LQ WKHEUDLQ2QHRI WKHFULWHULDRI QHXUDO FLUFXLWV
 FDSDELOLW\ WR OHDUQFRXOGEH WKHH[LVWHQFHRI D
&)&REHWZHHQQHXURQV'LIIHUHQWEHKDYLRXUDO VWDWHV FDQEH FKDUDFWHUL]HGE\GLIIHUHQWRVFLOODWRU\ VWDWHV &RUWLFDO
IUHTXHQF\ UDQJHV FDQ FUHDWH WHPSRUDO ZLQGRZV LQ QHXUDO FLUFXLW G\QDPLFV 7KHVH WHPSRUDO ZLQGRZV DUH DEOH WR
LQWHUFRQQHFWIXQFWLRQDOO\FRUUHODWHGQHXURQDODVVHPEOLHV7KHGLIIHUHQWRVFLOODWRU\UDQJHVRIGLIIHUHQWEUDLQVWDWHVFDQ
LQWHUDFW 7KHSRZHU RI LQWHUDFWLRQRI RVFLOODWLRQV LV DW WKH EDVH RI RQH LQWHUSUHWDWLRQRI WKH EUDLQ VWDWH SURSHUWLHV
1HXURQDORVFLOODWLRQVUHIOHFWLQWHUDFWLRQVEHWZHHQWKHUHODWLYHWLPLQJSKDVHDQGWKHSRZHUDPSOLWXGHRIUK\WKPLF
DFWLYLW\ LQ LQGLYLGXDOFRPSRQHQWVRIQHXURQVQHXUDOQHWZRUNVDQGQHXUDOV\VWHPV>@7DVN UHODWHGEUDLQVWDWHV
KDYHDVWURQJFRUUHODWLRQZLWKIUHTXHQF\FRXSOLQJRIZHOONQRZQRVFLOODWRU\VWDWHV
6WXGLHV DOVR UHYHDOHG FRPSOH[ QRQOLQHDU LQWHUDFWLRQV EHWZHHQ GLIIHUHQW IUHTXHQFLHV RI QHXURQDO QHWZRUN
RVFLOODWLRQVZLWKLQDQGDFURVVEUDLQUHJLRQVDQGFDQG\QDPLFDOO\FRRUGLQDWHIXQFWLRQDOO\UHODWHGQHXURQDOHQVHPEOHV
LQFDVHRIEHKDYLRUVWDWHV7KUHHGLIIHUHQWWHFKQLTXHVDUHSUHVHQWHGWRPHDVXUHSKDVHDPSOLWXGHFRXSOLQJ3$&
x (QYHORSHWR6LJQDO&RUUHODWLRQ(6&
x 0RGXODWLRQ,QGH[0,
x &URVV)UHTXHQF\&RKHUHQFH&)&
,Q&)&RDQDO\VHVWKHWKUHHPHWKRGVIRUGLIIHUHQWGDWDOHQJWKDQGQRLVHOHYHOVDUHDEOHWRPHDVXUHWKHVWUHQJWKV
RILQWHUUHODWLRQ&DQGHWHFWIDOVHFRUUHODWLRQVDQGFDQFRUUHFWO\LGHQWLI\IUHTXHQF\EDQGVRILQWHUDFWLRQ7KHVHUHVXOWV
VKRXOGEHWDNHQLQWRFDUHIXOFRQVLGHUDWLRQLQ((*VLJQDODQDO\VLV>@
,WLVNQRZQWKDWWKHVWUHQJWKRISKDVHDPSOLWXGH&)&R3$&FKDQJHVDFURVVEUDLQDUHDV7KHFKDQJLQJDOVRKDVD
VWURQJWDVNUHODWHGSURSHUW\PRWRUFRJQLWLYHOHDUQLQJDQGLQSXWVHQVRU\WDVNV>@
+LJKIUHTXHQF\ EUDLQ DFWLYLW\ RVFLOODWLRQ LV FKDUDFWHULVWLF WR ORFDO UHGXFHG FRUWLFDO DUHD HYHQWV RI FRUWLFDO
SURFHVVLQJ 7KH ORZIUHTXHQF\ EUDLQ UK\WKPV DUH UHIOHFWLQJZLGH DUHD W\SH HYHQWV G\QDPLFV DFURVV GLVWDO EUDLQ
UHJLRQV:LGHFRUWLFDODUHDVDUHLQIOXHQFHGE\LQSXWVHQVRU\EXWDOVRE\LQWHUQDOFRJQLWLYHHYHQWV&)&RFRXOGVHUYH
DV WKHPHFKDQLVP WR IDFLOLWDWH WKH LQIRUPDWLRQ WUDQVIHU LQ ODUJHVFDOHEUDLQQHWZRUNV:HFDQFRQVLGHU WZRPDMRU
SRVVLEOHRXWFRPHRI&)&R
x SKDVHV\QFKURQ\DFRQVLVWHQWQXPEHURIKLJKHUIUHTXHQF\F\FOHVRFFXUZLWKLQDVLQJOHF\FOHVRIDORZHU
IUHTXHQF\UK\WKP
x SKDVHDPSOLWXGHFRXSOLQJ3$&WKHSKDVHRIDORZHUIUHTXHQF\UK\WKPPRGXODWHVWKHDPSOLWXGHRIDKLJKHU
IUHTXHQF\RVFLOODWLRQ
%UDLQ DFWLYLW\ LV QRZ FRPPRQO\ UHFRUGHG DW D YDULHW\ RI GLIIHUHQW VFDOHV HDFK RI ZKLFK H[KLELWV RVFLOODWRU\
DFWLYLW\FRUUHODWHGZLWKVHYHUDOIXQFWLRQDODFWLYDWLRQLQSXWV
'LIIHUHQW LQYDVLYHDQGQRW LQYDVLYH WHFKQLTXHV LQELRVLJQDO UHFRUGLQJVDWGLIIHUHQW VSDWLDOH[WHQW FDQ LQFOXGH
UDUHVSLNHVRIVLQJOHQHXURQVDVDUDUHHYHQWVEXWFDQDOVRPHDVXUHWKHV\QFKURQL]HGSRSXODWLRQDFWLYLW\VXFKDV
x /)3±ORFDOILHOGSRWHQWLDOUHFRUGHGIURPSHQHWUDWLQJPLFURHOHFWURGHVDQGUHIOHFWLQJWKHDFWLYLW\RIDUHGXFHG
QXPEHURIQHUYHFHOOV
x (&R*±VXEGXUDOHOHFWURFRUWLFRJUDPUHFRUGHGVLJQDOVUHIOHFWLQJDFWLYLW\RIVHYHUDOPLOOLRQFHOOV
x ((*DQG0(*QRQLQYDVLYHHOHFWURDQGPDJQHWRHQFHSKDORJUDPDWWKHODUJHVWVFDOHVUHIOHFWLQJWKH
VLPXOWDQHRXVDFWLYLW\RIWKHPXOWLWXGHRIFRUWLFDOQHXURQV
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:LGHYDULHW\RIQHXUDOSRSXODWLRQVLVJHQHUDWLQJZLGHUDQJHRIVLJQDOW\SHV'HFDGHVRIUHVHDUFKKDYHUHYHDOHG
GLVWLQFWDQGELRORJLFDOO\UHOHYDQWIUHTXHQF\EDQGVFRPPRQDFURVVGLIIHUHQWEUDLQDUHDVDQGSURSHUIRUWDVNUHOHYDQW
HYHQWV
7KHUHLVHYLGHQFHVXJJHVWLQJWKDWLQIRUPDWLRQDQGLWVSURFHVVLQJLVLQWHJUDWHGDFURVVVSDWLDODQGWHPSRUDOVFDOHV
LQFRUWLFDODUHDV$YHU\VHQVLWLYHKLHUDUFK\RIRVFLOODWLRQLQWHUDFWLRQVFRXOGKDYHFRQWURORYHULQWHJUDWLRQOHYHOVRI
EUDLQDFWLYLWLHV
1HXURQDORVFLOODWLRQVFDQEHDOVRYLHZHGDVUK\WKPLFFKDQJHVLQFRUWLFDOH[FLWDELOLW\%UDLQUK\WKPVDIIHFWORFDO
FRPSXWDWLRQEHFDXVHQHXURQDODFWLYLW\DVVRFLDWHGZLWKVWLPXOXVSURFHVVLQJGLIIHUVGHSHQGLQJRQLWVWLPLQJUHODWLYH
WR WKH SKDVH RIRQJRLQJRVFLOODWLRQV >@ ,W LV NQRZQ WKDW KLJKQHXURQDO H[FLWDELOLW\ LV DVVRFLDWHGZLWK WKH WURXJK
PLQLPDO YDOXH RI DQ RVFLOODWLRQ WKHQ VWLPXOL WLPHORFNHG WR WKH RVFLOODWLRQ WURXJK FDQ EH SURFHVVHG IDVWHU WKDQ
VWLPXOLWLPHORFNHGWRWKHSHDNRIWKHRVFLOODWRU\ZDYHIRUP/RQJUDQJHFRPPXQLFDWLRQEHWZHHQDUHDVPLJKWDOVR
EH LQIOXHQFHGE\RVFLOODWRU\DFWLYLW\ WKURXJKGLIIHUHQWDPSOLWXGHDQGSKDVHPRGXODWLRQPHWKRGV7KH OLWHUDWXUHRI
&)&RGRPDLQJDYHXVFRQVLGHUDEOHWKHRUHWLFDOLQVLJKWV
7KHLGHDWRORFDOL]H&)&RHYHQWLVEDVHGRQRVFLOODWLRQSKDVHGLIIHUHQFHGHWHFWLRQEHWZHHQWZRDUHDVRIFRUWLFDO
UHJLRQVUHODWLYHWRDQRVFLOODWRU\IUHTXHQF\EDQG
1HXUDOHYHQW
IURPRQHDUHDVKRXOGKDYHDQHIIHFWLQDQRWKHUDUHD
LI WKLVVHFRQGDUHDLVPD[LPDOO\UHFHSWLYHDWWKDWIUHTXHQF\EDQGUHVRQDQFH5K\WKPVLQWKHEUDLQFRUUHVSRQGWR
EDQGVSHFLILF DFWLYLW\REVHUYHG LQYLYR:HPXVW FRQVLGHUGHOWD ±+] WKHWD ±+] DOSKD ±+]EHWD
±+]DQGJDPPD!+]XSWRKLJKJDPPD+]EDQGV:HPXVWWDNHLQWRDFFRXQWWKDWLQOLWHUDWXUHRWKHU
VXEGLYLVLRQVZLWKLQHDFKIUHTXHQF\EDQGH[LVW,WZDVPHQWLRQHGWKDWGLIIHUHQWIUHTXHQFLHVSURYLGHGLVWLQFWWHPSRUDO
ZLQGRZVIRUSURFHVVLQJ,QDQ\FDVHGLIIHUHQWIUHTXHQFLHVFRXOGEHDVVRFLDWHGZLWKGLIIHUHQWQHXUDOFHOOSRSXODWLRQ
W\SHDQGVL]H/RZIUHTXHQFLHVPRGXODWHDFWLYLW\RYHUODUJHVSDWLDOUHJLRQVKLJKIUHTXHQFLHVPRGXODWHDFWLYLW\RYHU
VPDOOVSDWLDOUHJLRQV/DUJHVSDWLDOUHJLRQVDUHDVNLQJIRUODUJHWHPSRUDOZLQGRZVDQGVKRUWVSDWLDOUHJLRQVIRUVKRUW
WHPSRUDOZLQGRZV>@
'LVWLQFW IUHTXHQFLHV FDQ DVN IRU D VSHFLDO FRUUHODWLRQ SURFHGXUH IRU D SURSHU GHWHFWLRQ RI SRVVLEOH LQWHUDFWLRQ
EHWZHHQFRQVLGHUHGIUHTXHQF\EDQGV7KH WHUPLQRORJ\IRU WKLV LQWHUDFWLRQSKHQRPHQRQ LV WHUPHGFURVVIUHTXHQF\
FRXSOLQJ3KDVH±DPSOLWXGH&)&RSURYLGHVDQHIIHFWLYHWRROWRGHVFULEHDFRRSHUDWLYHDFWLYLW\DFURVVGLIIHUHQWVSDWLDO
DQG WHPSRUDO VFDOHV &)&R GHVFULEHV LQ DQ\ZD\ D VWDWLVWLFDO GHSHQGHQFH EHWZHHQ WKH SKDVH RI D ORZIUHTXHQF\
EUDLQUK\WKPDQGWKHSRZHURIWKHKLJKIUHTXHQF\FRPSRQHQWRIHOHFWULFDOEUDLQDFWLYLW\>@,QVWHDGRISRZHUZH
FDQFRQVLGHUWKHDPSOLWXGHRIKLJKIUHTXHQF\FRPSRQHQWV:HDUHVWXG\LQJWKHLQWHUUHODWLRQEHWZHHQWKHSKDVHRI
ORZIUHTXHQF\EDQGVDQGSRZHURIKLJKIUHTXHQF\EDQGV
,WLVLPSRUWDQWWRFRQVLGHUWKDWORZIUHTXHQF\EUDLQUK\WKPVDUHXVXDOO\JHQHUDWHGE\H[WHUQDOVHQVRU\DQGPRWRU
HYHQWV EXW DOVR E\ LQWHUQDO FRJQLWLYH SURFHVVHV PHPRU\ SURFHVV GHFLVLRQPDNLQJPRWLYDWLRQ HWF > @7KH
KLJKIUHTXHQF\LVFKDUDFWHULVWLFWRORFDOHYHQWVSRVVLEOHHYRNHGE\ORFDOQHXUDOHYHQWVEXWLQVWURQJFRUUHODWLRQZLWK
GLIIHUHQWPHQWDOWDVNV
'LVFXVVLRQ
0(*RU((*UHFRUGLQJVRIWKHKXPDQEUDLQDUHFKDUDFWHUL]HGE\GLIIHUHQWUK\WKPVWKDWFRQWDLQDZLGHUDQJHRI
WHPSRUDO DQG VSDWLDO VFDOHV 2VFLOODWLRQV RI GLIIHUHQW IUHTXHQF\ EDQGV FDQ LQIOXHQFH HDFK RWKHU 7KHUH LV DQ
RVFLOODWRU\ VWDWH ZLWK KLJK IUHTXHQF\ ELRORJLFDOO\ SRVLEOH RVFLOODWLRQV EHLQJ FRRUGLQDWHG WR SKDVHV RI VORZHU
RVFLOODWLRQVLQWKHVDPHWLPHVSDFHGRPDLQ,WKDVEHHQDVVXPHGWKDW&)&RFDQEHLPSRUWDQWWRLPSURYHORQJUDQJH
FRPPXQLFDWLRQ LQ FRUWLFDO DUHDV /RFDO SURFHVVLQJ LV IDFLOLWDWHG GXULQJ WLPH ZLQGRZV RI LQFUHDVHG H[FLWDELOLW\
FUHDWHG E\ VSHFLILF SKDVHV RI WKH ORZHU IUHTXHQF\ZKLFK FDQ EH GHVFULEHG E\ D SKDVHDPSOLWXGH ORFNLQJ 3$&
7KHUH DUH VHYHUDO H[SHULPHQWV VKRZLQJ WKH HIILFLHQF\ RI SKDVH DPSOLWXGH FRXSOLQJ WKLV LV D WRSLF RI LQFUHDVLQJ
LQWHUHVW LQ QHXURVFLHQFH >@ ,W LVZHOO NQRZQ WKH H[LVWHQFH RI WKHWDJDPPD IUHTXHQF\ EDQG FRXSOLQJ LQ FRUWLFDO
UHJLRQV
0HWKRGV RI &)&R DUH ELYDULDWH DQG FDQQRW HVWLPDWH&)& EHWZHHQPRUH WKDQ WZR VLJQDOV DW D WLPH:H FDQ
VXSSRVHWKDWPXOWLSOHFURVVIUHTXHQF\FRXSOLQJRIPXOWLSOHQHXURQDORVFLOODWLRQVFDQEHXVHGE\WKHEUDLQWRSHUIRUP
PXOWLSOHQHWZRUNOHYHOFRPSXWDWLRQV

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7KH OLWHUDWXUH RI &)&R PHWKRGV VSHFLI\ WKUHH EDVLF FRQFHSWV WR FKDUDFWHUL]H WKH LQWHUUHODWLRQ RI GLIIHUHQW
IUHTXHQF\EDQGV7KHVHDUH

(QYHORSHWR6LJQDO(6&PHDVXUH

7KH(6&PHDVXUHFDOFXODWHVWKHFRUUHODWLRQEHWZHHQWKHDPSOLWXGHHQYHORSHRIWKHILOWHUHGKLJKIUHTXHQF\VLJQDO
$ID>Q@DQGWKHILOWHUHGORZIUHTXHQF\VLJQDO[IS>Q@H[SUHVVHGE\
ܧܵܥ൫ ௣݂ǡ ௔݂൯ ൌ ܿ݋ݎݎሺܣ௙ೌ ሾ݊ሿǡ ݔ௙೛ሾ݊ሿሻ  
7KH0RGXODWLRQ,QGH[0,
7KH0,PHDVXUH JHQHUDWHV D FRPSOH[ YDOXHG VLJQDO  ZLWK WKH DPSOLWXGH FRPSRVHG RI WKH KLJK IUHTXHQF\
DPSOLWXGHHQYHORSHYDOXHV$ID>Q@DQGWKHSKDVHLVFRPSRVHGRIWKHORZIUHTXHQF\VLJQDO¶VLQVWDQWDQHRXVSKDVHIS
+LOEHUWWUDQVIRUP7KH0,PHDVXUHEDVHGRQLVJLYHQE\DV
ܼ൫ ௣݂ǡ ௔݂൯ሾ݊ሿ ൌ ܣ௙ೌ ή ݁௜೑೛ሾ௡ሿ  
ܯܫ൫ ௣݂ǡ ௔݂൯ ൌ ห݉݁ܽ݊ሺܼሺ ௣݂ǡ ௔݂ሻሾ݊ሿሻห  
&URVV)UHTXHQF\&RKHUHQFH&)&

7KH&)&PHDVXUHFDOFXODWHVWKHFRKHUHQFHDWIUHTXHQF\ISEHWZHHQWZRVLJQDOVWKHWLPHYDU\LQJHQHUJ\RIWKH
KLJKIUHTXHQF\VLJQDOFDOFXODWHGDV$ID>Q@GLYLGHGE\KDOIWKHVDPSOLQJIUHTXHQF\DQGWKHQVTXDUHGH[SUHVVHGE\
$IDDQGWKHXQILOWHUHGUDZVLJQDOVXSSRVHGWRFRQWDLQWKHPRGXODWLQJIUHTXHQF\[S
ܥܨܥ൫ ௣݂ǡ ௔݂൯ ൌ ܿ݋݄௙೛൫ݔ௣ǡ ܣሚ௙ೌ ൯Ǥ  
:HKDYHVWDUWHGZLWK WHVWLQJ WKH&)&RPHWKRGVE\FDOFXODWLQJ WKH&)&(6&0,GLDJUDPV IRUJHQHUDWHG WHVW
VLJQDOV7KHWHVWVLJQDOVKDYHEHHQJHQHUDWHGE\VSHFLI\LQJWKHORZDQGKLJKIUHTXHQF\FRPSRQHQWVDQGWKHYDOXH
RI615VLJQDOWRQRLVHUDWLR7KHWZRWHVWVLJQDOVZKHUHJHQHUDWHGWREHSKDVHFRXSOHGZKHQWKHORZIUHTXHQF\
ZDV FRQVLGHUHGRI+] SKDVH VLJQDO DQG WKHKLJK IUHTXHQF\ZDV+] DPSOLWXGH VLJQDO7KH615YDOXHZDV


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
)LJ7KHWZRWHVWVLJQDOV7KHZKROHVLJQDOVOHIWDQGLWVGHWDLOULJKWLQWLPHVFDOHV7KHVLJQDOZLWKKLJKIUHTXHQF\FRPSRQHQWWRSDQGWKH
VLJQDOZLWKORZIUHTXHQF\FRPSRQHQWERWWRPDUHSUHVHQWHG)V VDPSOLQJIUHTXHQF\
7KH)LJLVSUHVHQWLQJWKHUHVXOWVRI&)&RLPSOHPHQWHGDOJRULWKPV7KHLPSOHPHQWDWLRQRIWKHWKUHHDOJRULWKPV
DOVRLQFOXGHVDVWDWLVWLFDOVLJQLILFDQFHWHVW7KLVLVFRPPRQWRDOOWKUHHDOJRULWKPV,QWKHVWDWLVWLFDOVLJQLILFDQFHWHVW
WKHKLJKIUHTXHQF\DPSOLWXGHHQYHORSHVLJQDO$ID>Q@LVXVHGWRLQWHUFKDQJHWKHWLPHRUGHULQJRIVLJQDOYDOXHV7KLV
LV DFKLHYHG E\ GLYLGLQJ WKH GDWD LQWR WLPH VHJPHQWV 7KH ERXQGDULHV RI WKH VHJPHQWV DUH DW UDQGRP ORFDWLRQV
VHOHFWHGEDVHGRQXQLIRUPSUREDELOLW\WKURXJKRXWWKHVLJQDO7KHVHFWLRQVDUHWKHQUHDUUDQJHGDWUDQGRPWRFUHDWHWKH
ILQDOPL[HGVLJQDO7KLVSURFHGXUHFDOFXODWHVWKHPHDQYDULDQFHDQGSRZHUVSHFWUXPRIWKHRULJLQDOVLJQDO$VHWRI
Q Q  VXUURJDWH VLJQDOV DUH JHQHUDWHG DQG WKHQ WKH\ DUH FRPSDUHG WR WKH RULJLQDO ORZ IUHTXHQF\ VLJQDO$IWHU
FRPSDULQJWKHVXUURJDWHVLJQDOFKDUDFWHULVWLFZLWKWKHRULJLQDOVLJQDOV3$&YDOXHVDWWKHVLJQLILFDQFHOHYHOD
SRZHUYDOXHRI3$&LVDFFHSWHGRUUHMHFWHG2QO\VWDWLVWLFDOO\VLJQLILFDQW3$&YDOXHVLQFOXGHSORWWHGILJXUHV7KH
615DQGGDWDOHQJWKLVLQIOXHQFLQJWKHVLJQLILFDQFHWHVW&RORXUVFDOHUHSUHVHQWVWKHPDJQLWXGHRILGHQWLILHG3$&
:HKDYHXVHGWZRSDLUIL[HGFRPELQDWLRQRIIUHTXHQFLHVWRGHWHFWVWDWLVWLFDOO\VLJQLILFDQW3$&3L[HOVLQZKLFKQR
VLJQLILFDQW 3$&ZDVGHWHFWHG DUH VHW WR $ RI +] VLJQDOPRGXODWLQJ+]ZDV XVHG WR WHVW WKH DFFXUDF\RI
PHWKRGV7KHUHVXOWRIWKLVWHVWLVUHSUHVHQWHGLQ)LJURZ$7KHVHFRQGFRPELQDWLRQZDVRI+]PRGXODWLQJ
+]VLJQDO7KHUHVXOWRIWKLVWHVWLVUHSUHVHQWHGLQ)LJURZ%7KHFROXPQVRI)LJDUH&)&OHIWFROXPQ()&
PLGGOHFROXPQDQG0,ULJKWFROXPQDQDO\VHV7KHUHDUHYLVLEOHWKHHIIHFWVRIQRLVHXSRQWKHDFFXUDF\RIUHVXOWV
615 



)LJ7KH$URZLV+]PRGXODWLQJ+]DQDO\]HGZLWK&)&OHIWFROXPQ()&PLGGOHFROXPQDQG0,ULJKWFROXPQ7KH%URZLV+]
PRGXODWLQJ+]DQDO\]HGZLWK&)&OHIWFROXPQ()&PLGGOHFROXPQDQG0,ULJKWFROXPQ2EVKRUL]RQWDO3KDVHISIUHTXHQF\
YHUWLFDO$PSOLWXGHIDIUHTXHQF\
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(DFKPHWKRGGHWHFWVDSURSRUWLRQRIVLJQLILFDQW3$&ZLWKLQWKHDSSURSULDWHIUHTXHQF\UDQJHV+]PRGXODWLQJ
+]IRU$URZDQG+]PRGXODWLQJ+]IRU%URZLQWKHLPSRVHGYDOXHRI615RIWKHQRLVH0,
(6&DQG&)&PHWKRGVSHUIRUPHGDOPRVWVLPLODUO\LQWKLVWHVW7KH0,PHWKRGSURYLGHVWKHPRVWDFFXUDWHYDOXHV,Q
HDFKPHWKRGWKHVLJQLILFDQW3$&YDOXHVZKHUHGHWHFWHGLQDUDQJHRI+]EDQGVHH)LJ
:HKDYHXVHGWKHPHWKRGVWRILQGRXWLIWKHUHLVIUHTXHQF\FRXSOLQJLQRXU((*UHFRUGLQJV)LUVWZHKDYHXVHG
((*B.1 UHFRUGHG DW   VWDQGDUG )& )& HOHFWURGH SRVLWLRQV PLQXWH UHFRUGLQJ +]
VDPSOLQJSHULRG


)LJ7KH((*B.1((*VLJQDO)&HOHFWURGHSRVLWLRQ7RSLVWKHURZVLJQDOXVHGLQ&)&RWHVW7KHORZHUSDQHOLVVKRZLQJWKHILOWHUHG
+]FRPSRQHQWRIWKHVLJQDO)V VDPSOLQJIUHTXHQF\

7KH)&VLJQDOFRPSRQHQWRI((*B.1LVQRWRQWKHILJXUHLWZDVUHFRUGHGLQSDUDOOHOZLWK)&7KH&)&R
DQDO\VLV ZDVPDGH LQ D ZD\ RI )&PRGXODWLQJ )& 7KH UHVXOWV ZLWK WKH WKUHH PHWKRGV &)& (6&0, DUH
SUHVHQWHGRQWKHILJXUH)LJVFDOHEDUYDOXHVKDYHWREHFRQVLGHUHG


)LJ7KH&)&RWHVWIRU((*.1UHFRUGLQJV7KHUHGDUURZLVLQGLFDWLQJWKHPDLQSKDVHIUHTXHQF\ISDQGWKHYHUWLFDOZKLWHOLQHDUHWKH
IUHTXHQF\EDQGRIWKHDPSOLWXGHIUHTXHQF\IDDSSUR[LPDWHO\+],QWHUIHUHQFHVUHODWLYHWRGLIIHUHQWPHWKRGVDUHDOVRYLVLEOH
:H DOVR KDYH XVHG WKH PHWKRGV IRU ((*B.1 UHFRUGHG DW   VWDQGDUG 7 7 HOHFWURGH
SRVLWLRQVVHFRQGUHFRUGLQJV+]VDPSOLQJSHULRG

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
)LJ7KH((*B.1((*VLJQDO7HOHFWURGHSRVLWLRQ7RSLVWKHURZVLJQDOXVHGLQ&)&RWHVW7KHORZHUSDQHOLVVKRZLQJWKHILOWHUHG
+]FRPSRQHQWRIWKHVLJQDO)V VDPSOLQJIUHTXHQF\

)LJ7KH&)&RWHVWIRU((*.1UHFRUGLQJV7KHUHGDUURZLVLQGLFDWLQJWKHPDLQSKDVHIUHTXHQF\ISDQGWKHYHUWLFDOZKLWHOLQHDUHWKH
IUHTXHQF\EDQGRIWKHDPSOLWXGHIUHTXHQF\IDDSSUR[LPDWHO\+],QWHUIHUHQFHVUHODWLYHWRGLIIHUHQWPHWKRGVDUHDOVRYLVLEOH
7KHVH H[DPSOHV DUH VKRZLQJ WKH XWLOLW\ RI &)&RPHWKRGV VSHFLDOO\ WKH XWLOLW\ RI0, LQ ((* VLJQDO DQDO\VLV
PDLQO\LQWKHFDVHZKHQWKHIXQFWLRQDOUROHRIFRUWLFDODUHDVDUHZHOONQRZQRUZHDUHWHVWLQJWKHHYLGHQFHRIHYHQW
UHODWHGSRWHQWLDOVIRUWKHLUIXUWKHUXVHLQHQJLQHHULQJWDVNV
&RQFOXVLRQV
$OO WKH WKUHH PHWKRGV DUH FRPSXWDWLRQDOO\ LQWHQVLYH WLPH FRQVXPHUV EXW IXWXUH ZRUN FRXOG LPSURYH WKH
FRPSXWDWLRQDOHIILFLHQF\7KHVHUHVXOWVPD\UHIOHFWSDVVLYHVSHFWUDOSURSHUWLHVRIIUHTXHQF\FRPSRQHQWVRIVLJQDOV
UDWKHU WKDQXQGHUO\LQJQHXURSK\VLRORJ\:HKDYHSUHVHQWHGDGDSWDWLRQV WR(6&0,DQG&)&PHWKRGV WRDQDO\VH
RXU((* UHFRUGLQJV7R HVWLPDWH WKH VWDWLVWLFDO VLJQLILFDQFHRI 3$& LV YHU\ XVHIXO7KHVH VWDWLVWLFDOPHWKRGV DUH
FULWLFDO LQ TXDQWLI\LQJ 3$& OHYHOV DQG WKHLU LPSURYHPHQW FDQ EH DQ HVVHQWLDO VWHS WRZDUGV UHODWLQJ 3$& DQG
EHKDYLRXUDOG\QDPLFVRIWKHEUDLQ$VZHNQRZSKDVH±DPSOLWXGH&)&RSOD\VDQLPSRUWDQWIXQFWLRQDOUROHLQORFDO
FRPSXWDWLRQ DQG ORQJUDQJHFRPPXQLFDWLRQ LQ ODUJHVFDOHEUDLQQHWZRUNV6WURQJ&)&H[LVWLQJ LQPXOWLSOHEUDLQ
DUHDVVXJJHVWVWKDW&)&UHIOHFWVIXQFWLRQDODFWLYDWLRQRIWKHVHDUHDV&RXSOLQJVWUHQJWKLQGLFDWHVWKDW&)&KDVWKH
QHFHVVDU\ WLPH WHPSRUDO UHVROXWLRQ QHHGHG IRU DQ HIIHFWLYHPRGXODWLRQ RI GLIIHUHQW IXQFWLRQDOO\ GLVWLQFW QHXUDO
QHWZRUNV7KDW LVZK\&)&RXVHG LQFDVHRIPXOWLFKDQQHO UHFRUGLQJVPLJKWKHOS WR ILQGPRUHGHWDLOV DERXW WKH
LQWHUUHODWLRQVDQGFRRSHUDWLRQRIGLIIHUHQWEUDLQDUHDV>@
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$FNQRZOHGJHPHQWV
3URMHFWIXQGHGE\WKH5RPDQLDQ1DWLRQDO$XWKRULW\IRU6FLHQWLILF5HVHDUFK1R
5HIHUHQFHV
>@ &DQROW\57DQG.QLJKW577KHIXQFWLRQDOUROHRIFURVVIUHTXHQF\FRXSOLQJ7UHQGVLQ&RJQLWLYH6FLHQFHV
>@ 7RUW$%.RPRURZVNL5(LFKHQEDXP+DQG.RSHOO10HDVXULQJ3KDVH$PSOLWXGH&RXSOLQJ%HWZHHQ1HXURQDO2VFLOODWLRQVRI
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